Introduction. More than 50% of glomerular crescent formation is required for a diagnosis of crescentic glomerulonephritis in a kidney biopsy. Although treatment protocols have been established for diffuse crescentic glomerulonephritis, there is no standard treatment for patients with fewer crescents in renal biopsies. In this study the importance of crescent percentage and clinical features on renal survival independent of underlying disease was investigated.
INTRODUCTION
Crescent formation is a histological manifestation of severe glomerular damage, which is characterized by the presence of at least 2 layers of cells that are filling totally or partially the Bowman's space derived from proliferating and de-differentiated visceral and parietal cells [1] . These cells surround and compress the glomerular tuft [2] . Crescent formation appears as a result of non-specific response to severe injury to the glomerular capillary walls mediated by macrophages, T cells and proinflammatory cytokines [3] . This non-specific inflammatory process can be seen in many forms of glomerular diseases such as anti-glomerular basement membrane antibody disease (anti-GBM), systemic lupus erythematosus, IgA glomerulonephritis, membranoproliferative glomerulonephritis and ANCAassociated vasculitides [4, 5] . If the crescent formation is detected in more than 50% glomeruli in the biopsy, it is called as crescentic glomerulonephritis (CrGN) or rapidly progressive glomerulonephritis (RPGN). Within few weeks, CrGN can lead to end stage renal disease (ESRD) or even death [5] .
Kidney biopsy is not only the gold standard diagnostic test for glomerulonephritis, but it also has a prognostic value in patient with crescent formation in a biopsy sample. The severity of the disease is related to the percentage of crescent formation in the biopsy [5] . More than 80% crescent formation suggests an advanced renal failure and poor treatment response. On the other hand, less than 50% crescent formation is thought to be related to better kidney survival and treatment response [3, [6] [7] [8] .
In the present study, we evaluated the contribution of possible histopathological and clinical risk factors including the presence of crescents, glomerulosclerosis, tubular atrophy/interstitial fibrosis in the biopsy, dialysis dependence and serum creatinine level on patients' admission for the development of ESRD in patients with different glomerular diseases.
School, Ankara. A total of 64 kidney biopsies with crescents from 820 kidney biopsies between 2013 and 2017, which were performed in our department, were selected for this study. Out of these, patients with a follow-up period of less than 6 months, patients who were not given an immunosuppressive treatment or those who failed to complete their treatment and glomerulonephritis secondary to infections or monoclonal disease were excluded. Finally, we included 49 patients in this study. All the procedures performed in studies involving human participants were in accordance with the 1964 Helsinki Declaration and its later amendments or comparable ethical standards. Written informed consent was obtained from all participants.
For all patients, the primary histopathological diagnosis, the percentage of crescents and glomerulosclerosis, the degree of tubular atrophy/interstitial fibrosis and immunofluorescence staining characteristics reported in the biopsy reports were recorded. Patients' demographics, clinical presentation, the course of disease, blood test results and treatment regimens were retrieved from hospital's electronic medical recording system. Serum levels of creatinine and albumin, estimated glomerular filtration ratio (eGFR), and 24-hour urine protein on admission and at the 6 th and 12 th months of follow-up and at the last clinical visit were determined for all patients.
Renal biopsy cores had been obtained with ultrasonography guided standard procedure. Fresh biopsy cores had been divided under the microscope for light microscopy and immunofluorescence microscopy. Following fixation in buffered formalin and routine tissue processing, paraffine embedded, 2-3 µm sections had been stained with hematoxylin eosin, Congo red, Masson's trichrome, Periodic acid-Schiff (PAS), Periodic acid-methenamine silver (Jones) stains. Immunofluorescence had been performed on unfixed, cryostat sections of kidney biopsy transported to the pathology laboratory on saline-soaked gauze. Fluorescein-labeled antibodies against immunoglobulins (IgG, IgM, IgA), complement components (C3, C4, C1q) and, kappa and lambda light chains had been used. All renal biopsy specimens were re-assessed light microscopically by the same nephropathologist blinded to patients. Electron microscopy could not be used in the study due to the lack of it in our department.
Patients were divided into three categories according to diagnosis. (1) Anti-glomerular basement membrane antibody disease (anti-GBM), (2) Immune complex diseases and IgA nephropathy, henoch schonlein purpura, membranoproliferative glomerulonephritis (immune complex mediated and C3 glomerulopathy), diffuse proliferative glomerulonephritis and systemic lupus erythomatosus) (3) Pauci-immune diseases (Wegener granulomatosis, microscopic polyangitis and ANCA negative pauci immune) Treatment protocols were decided according to the Kidney Disease Improving Global Outcomes (KDIGO) 2012 GN guidelines [9] and European Vasculitis Study Group (EUVAS) [10] for each diagnostic disease category. Intravenous (Iv) pulse prednisolone 500 mg/d (total dosage 3000 mg) + cyclophosphamide 500 mg with 15 days interval (total dosage 6000 mg) + maintenance oral prednisolone treatment regimen used for CrGN. Rituximab was used in the case of cyclophosphamide resistance or the presence of a progressive disease. Plasma exchange was used in patients with alveolar hemorrhage.
Data distribution and homogeneity were determined by Kolmogorov-Smirnov test and oneway-anova test. If the distribution was heterogeneous, variables were shown as median (minimummaximum). Categorical variables are expressed as percentage. For data that were not normally distributed, the Mann-Whitney U test was used if only two groups were compared; The KruskalWallis one-way analysis of variance was used if more than two groups were being compared. Receiver operating curve (ROC) analysis was plotted to illustrate the best cut-off values crescent percentage and serum creatinine levels for the estimation of ESRD. Logistic regression was used to identify variables that predict ESRD. The development of ESRD was analyzed with KaplanMeier analysis. p Values less than 0.05 were considered statistically significant. Analyses were performed with Statistical Package for the Social Science (SPSS version 20.0.0, IBM, Armonk, NY) software for Windows.
RESULTS
A total of 49 patients (57% male and 43% female) were enrolled in this study and median age was 47 years old. Thirty-nine percent of patients (19 out of 49) developed ESRD at follow-up. The most frequent diagnosis was pauci-immune glomerulonephritis (61%). While, crescent and glomerulosclerosis percentage were significantly higher in 256 ESRD patients (p = 0.04 and p = 0.03, respectively), tubular atrophy/interstitial fibrosis was similar (p = 0.5) ( Table 1) . Gender and age distribution were similar between diagnosis group (p = 0.1 and p = 0.18). Patients' serum creatinine levels were significantly higher in anti-GBM group on admission (p = 0.02). In the follow-up of patients serum creatinine, albumin, eGFR and urine protein were similar between groups. Although, crescent percentage was significantly higher in patients with anti GBM (p < 0.001), glomeruloclerosis percentage and tubular atrophy were similar between groups (p = 0.4 and p = 0.6). While, cyclophosphamide treatment was administered to 30 of 49 (61%) patients, plasma exchange treatment was administered to 11 of 49 (22%), steroid treatment was administered to 47 of 49 (96%) patients. Laboratory and treatment modalities of patients were shown in Table 2 . When the patients were grouped as diffuse CrGN and non diffuse CrGN, it has shown that all the patients diagnosed with anti GBM disease and 43% of total pauci immune glomerulonephritis were CrGN. On the other hand, all the patients diagnosed with immune complex glomerulonephritis were non diffuse CrGN (Table 3) .
ROC analysis was used to determine the best cutoff value of crescent percentage and serum creatinine level for ESRD. More than 34% crescent in kidney biopsy (sensitivity = 73%, specificity = 74%, positive predictive value (PPV): 69%, negative predictive value (NPV): 73% and AUC = 0.74, 95% confidence interval (Cl) 0.601-0.887) and serum creatinine level of 2.7 mg/dL (sensitivity = 83% and specificity = 87%, PPV: 81.2%, NPV: 86.7% and AUC = 0.91, 95% Cl: 0.835-0.993) were the best values associated with ESRD. Univariate logistic regression was used to analyze independent risk factors for ESRD (Table 4) Kaplan-Meier survival analysis revealed that patients with less than 34% crescent in kidney biopsy and serum creatinine level of less than 2.7 mg/dL had increased kidney survival as compared to patients with more than 34% crescent in kidney biopsy and serum creatinine concentration more than 2.7 mg/dL (log-rank test p: 0.01 and p: 0.002, respectively) ( Figure 1 ). 
DISCUSSION
In our study, pauci immune glomerulonephritis was the most common diagnosis group, which is presented with crescent formation in kidney biopsy. All the patients with anti GBM disease met the diffuse CrGn criteria. While, almost half of patients with pauci immune group met diffuse CrGN criteria, all the patients with immune complex glomerulonephritis had less than 50% crescent in kidney biopsy.
The present study showed that more than %34 crescent formation in kidney biopsy need for RRT in the presentation of the disease, serum creatinine level above 2.7 mg/dL on admisson are predictors of ESRD in patients with crescent formation in kidney biopsy. Risk factors affecting renal prognosis in CrGN are high serum creatinine, dialysis dependence on admission and more than 80% crescent formation in kidney biopsy, glomerulosclerosis and tubular atrophy [2, [11] [12] [13] . In a series of 71 patients with anti GBM disease, it has been shown that serum creatinine level of ≤ 5.7 mg/dL on admission was associated with 95% kidney survival [14] . Similar to these result, Heilman et al.
showed that patients with a serum creatinine level of ≥ 6 mg/dL on admission is associated with worse kidney outcome in patients with immune complex CrGN [12] . Many studies in the literature support similar results [11, 12, 15] . Besides, our study also demonstrated that more than 50% glomerulosclerosis in kidney biopsy associated with ESRD development. Berden et al. showed that more than 50% glomerulosclerosis in kidney biopsy is a predictor decreased kidney survival in patients with pauci immune CrGN. An important part of the studies in the literature designed according to diffuse CrGN definition and cutoff crescent formation was determined as %50. The present study separated from these studies by determining the factors predicting the ESRD with the presence of any percentage of crescent formation in kidney biopsy.
Clinical importance of glomerular crescent formation has been demonstrated in the 1970s [16] . It is recognized that the patients with cellular crescent formation in more than >80% glomeruli usually progresses to renal failure rapidly and it was named as malignant glomerulonephritis [5, 16] . Later, it became necessary to re-define malignant glomerulonephritis based on the fact that nearly one half of patients did not develop ESRD in their follow-up [17] . In 1987, Baldwin et al. demonstrated that patients with crescents in less than 50% of glomeruli in their kidney biopsies may follow a more indolent course and may even undergo remission [5] . After that, CrGN is re-defined by the 260 presence of more than 50% of glomerular crescents in renal biopsy and these histological findings were accepted as a marker of rapid deterioration of renal function [4, 18, 19] . In the present study, we showed that more than 34% crescent formation in renal biopsy, regardless of the underlying glomerular disease, is a strong predictor of ESRD. In addition Kaplan-Meier survival analysis strongly supports that patients with less than 34% crescent formation in their biopsy had increased kidney survival during the median 20 months follow-up.
Our study has some important limitation. First of all, our patients' group is small. Therefore, we could not evaluate the factors affecting ESRD development by multivariate analysis. Secondly, we have no detailed information on some interventions and medical conditions (e.g., dosage and duration of immunosuppressive drugs, infections causing the treatment interruption, an exacerbation of underlying disease). Studies addressing these limitations with larger sample sizes are needed to evaluate the crucial effect of crescent formation on the development of ESRD.
CONCLUSION
In conclusion, need for renal replacement therapy on admission, creatinine concentration higher than 2.7 mg/dL, and crescent formation in more than 34% of all glomerulus in kidney biopsy seems to be important predictors for prognosis of patients with crescent formation in kidney biopsy regardless of the underlying disease. 
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